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Summary: An integrated field investigation of the gra- multiple stacks to improvehe signal-to-noise ratio, data
bens of Canyonlands NationaPark was carried out in  were collectedfor eachline. These datallow us to con-
August1996. Representativé®m four universitiesfocused strain the depth tdedrock and, in placeshe dip of the
on three main tasks: (1) investigation of joint-fault relation- subsurface graben floor. This information is critical to our
ships near ramps at graben terminations, (2) using seismiainderstanding of howhe Canyonlands graben system in
refraction to complement structurstiudies, and (3gvalua- general, and Devils Lane in particular, was formed.
tion of graben-widening mechanisms. Quasults suggest By obtaining the thickness of the graben fill aominbin-
that graberformation in a lithologic sequence having sharp ing it with surface measurements, &ee able toconstrain
rheologic contrasts can be more complicatiean simple dip-slip displacement as a function of distafroen the fault
keystone collapse of wedge-shaped blocks. tips (Fig. 1). Our data indicate that dip-slip displacements

Introduction and Background: The grabens in Can- near the ends of the fault atlvse to what is expectddr a
yonlands National Park [1,2] provide a unique opportunity to normal fault ofthis length. Nearer the centenpwever,
study indetail the processes of grabfarmation, growth, whereonly aminimum depth constraint is currently avail-
and interaction usingnorphologically fresh andactively able, observed dip-slip displacement is greater thiaat
growing examples. These structures ammmenlycited as expected for dault of this length. In fact, because fill thick-
terrestrialanalogs to small graberbat are bothcommon ness near the center of the graben exceeds @frevious
and kinematically important omany planetary bodies in-  estimates suggested 10 m), displacement near the center of
cluding the Moon [3], Mars [e.g., 4], Venugd5], and icy the fault (40 mabovethe surface, 60+ rhelowthe surface)
satellites of the outer plang8). Our ongoingstudies of the  is now known to be deast twice as great as that predicted
Canyonlands grabens [7-8fe demonstrating that subtle previously (50 m [e.g., 11]). This difference suggests that we
asymmetric geometries in cross-sectard map-view fault may need to re-evaluate proposed mechanifonsgraben
geometries better characterize the shape, and therefore thfermation.
kinematics and mechanics, of these grabens than previous Due to the absence of a refracted signal near the center
suggestions of symmetric geomeémyd simple upward fault  of Devils Lane, the dip of the grabdloor remainspoorly
propagation. constrained overall, and thus it is yet possible to use dip

Initial resultsfrom our structural study othe grabens  data to discriminate betweeompeting model¢hat attempt
have been published and discussediétail elsewhere [7]  to explain formation othe grabersystem in Canyonlands

and therock-engineering investigations of wall stabiljiy0] National Park. Grabefioor dips near the ends of the east-
are also beingontinued to refine our understanding of the dipping master fault, howeveare now known for Devils
interesting morpholigic processes along graben walls. Lane. Near the north end of the graben, ftber dips 8° +

Our geologicinvestigations focused on two aspects of 2° toward N76W, approximately perpendicularthe axial
graben mechanics: characterization of graben-fault terminastrike of the graben, while near the southern end of the fault
tions, and broadening our studies of grahsymmetry [7] to the graberfloor is essentially horizontal. Continued collec-
other examples in the Park. Weund that the graben- tion of seismic data is required to place better constraints
bounding faults can extend to some distabegond the upon formation of the graben system.
ramp areas, defining the near-sip profile. While this Conclusions: This continuing project is refining our un-
relationship is not unexpected givérat the faults build up  derstanding of the grabens as planetary analogs. We now
displacement by propagation sifp patcheslongthe preex- suspect that graben walls retain thegar-verticality ashey
isting joints [1,7], we haveow documentethis interesting
and important aspect of graben mechanics in the field. Ongo-
ing work will precisely map outhe displacement variation 0
in the rampregion sothat the relationship betweeamp
geometryand graben interaction and linkage can be ana-
lyzed. - 1007 50x vertical exaggeration

Seismic Refraction Experiment: In addition to study- Cooo 500 o 500 1000
ing structural deformation exposed the surface we are Distance Along Fault (m)
collectingdata to characterize the subsurfgeemetric con-
figuration of a medium-sized graben, Devils Lane, using Fig. 1. Along-axis cross section showintip-slip displace-
seismic refraction [8]. Ithe initial phase obur study, two ment as a function of total fault lengttr the DevilsLane
40-m lines were placed in an X-shapednfiguration near  graben. The two 100-rslip valuesshown are minimum
each end of the graben, wh280-mlines were usedloser displacement values, as no bedrock regraction was detected
to the graben center. Using a sledgehamimeenergy and  at these localities.
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Fig. 2. Participants in the 1996anyonlands Initiative. Standinffpm left to right, are Jonathan Hinrichs, Rich&dhultz,
Josh Massie, Jason Moore, Eric Grosfils, Will Roadarmel, Nathaniel Bushyiattdoby. Seated from left to right, are:
Caroline Harris, Andrea Fori, and Carol Ivers. Photo by Matt Soby.



